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SECOND INTERNATIONAL
CONFERENCE
ON
SPECTRAL LINES

Sponsored by the
Division of Electron and Atomic Physics
of the American Physical Society

T
M.7 Fluorescence from the Fragment of CS.Vapor
Produced by Vacuum UTtraviclet Radiation,szgf—lEE
and D.L. JUDGE, Univ, of So. Calif.--The fluorescence
from the photo-fragments of CS, produced by line
emission sources at wave]engthg between 462 and 1239
has been studied. The fluorescence emitted from the

‘s +,.2 + 2 + 0,2 2
transitions of CS,(8%z, » Xng), Cs, (A%m, > X"n ) and .

CS(A]H -+ X1E) has been observed and the corresponding
emission band strengths and production cross sections

measured. From the CS(A]H -+ X]E) emission spectrum
the populations of,vibrational levels of CS photo-
fragments in the A'N electronic state have been ob-
tained. The vibrational population of the v' = (0-4
levels are well represented by a Poisson distribution,
in agreement with a theoretical argument.
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Abstract

+
€s, (BZZZ, AZHU > XZHg) fluorescence bands produced by irradia-

tion of CS2 vapor with emission lines from A)462-977 A were analyzed

and their production cross sections measured. The emission bands of

the bending transitions, B2E;(Ov0) - XZHg(OvD), were tentatively

assigned and v, of the BZE: state is accordingly found to be 338.8 an V.
Using the tentatively assigned positions of the band heads for the
AZHU(VUU) + XZHQ(OOO) transitons the ionization'pdtentia]s for the
AZHU(VOO) vibrational levels were obtéined and are in a good agree-
ment with the photoelectron data. The splitting constant of the spin-

orbit interaction for the A2Hu state thereby determined to be 169 cm"].

The CSZ+(A2H:, Bzzu > XZHg) fluorescence has exceptionally high pro-
duction cross sections at the absorption bands associated with the n=3

member of the Rydberg series III and V, fespective1y.



I. Introduction

Fluorescence emission from C52+ was observed by Cook and
Ogawa (1969) following irradiation of the €S, molecule by photons
of the wavelengths shorter than A976.5 R. Such fluorescence pro-

duced by 2955 A photons has been dispersed and reported by Weissler
+.

2

(A?HU-+ Xzﬂg) system. However, due to the spectral resolution

et al. {1971), the fluorescence being identified as the CS

Timitation the most intéresting features of the spectrum were ndt

revealed.

Using various techniques the ionization potentials of the C52+

~ions in the Bzﬁ+u, Aznu(i), and Xaﬂg(i) electronic states have
been studied by several authors: Price and Simpson (1932), Tanaka
et al. (1960}, and Ogawa and Chang - (1970} have investigated the
Rydberg series and obtained the.ionizatfdn potentials from the

series T1imits; Callomon (1958) studied the emission spectrum of
the C52+(BEE; - Xzﬂg) system; Diebeler and Walker (1967) and

Momigny and Delwiche (1968) have investigated the mass spectra of

the CSZ+ ions ionized by photoabsorption; Turner and May (1967),

Eland and Dunby (1968), Collin and Natalis (1968), and Brundle and
Turner (1969} have studied the photoelectron spectra resulting

from the photoionization of €S, by the A584 A helium resonance

2
line. Through such observations the nature of the CSE+ etectronic
states is reasonably well understood. However, due to the lack of

high resolution rotational analysis of the BZZ: > X2Hg and
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I, ~ ing emission systems, the precise positions of the vibra-
tional levels of those states are still not established, and -
further study of these systéms is required.

Carbon disulfide is one of the molecules of astrophysical and.
aeronomic interest (Hudson, 1970). Measurement of the productioh

cross sections for the C52+(BZZZ, A2

Hu > XZHQ) fluorescence, pro- -
duced by vacuum ultraviolet radiation is thus of considerable
interest. Such data will provide basic information for an under-

standing of the role 052 plays in planetary atmospheres.

I1. Experiment

The experimental set-up has been described in a previous
paper (Judge and Lee, 1972). In brief, the 1ight source is a
condensed Spérk discharge through a boron nitride capilTary con-
taining either Nz'or Ar. The emission lines of interest were
“jsolated with a 1-m normal incidence monochromator (McPh. 225),
The fluorescence was dispersed by a 0.3-m monochromator (McPh.'218),-
with the bandwidth set at 5 E or less. |

The source line intensities were measured witha nicke1 film
detector for which the quantum efficiency was known (Walker et al.,
1955). For the absolute intensity measurement of fluorescence the
response of the combinatidn of a grating blazed at 5000 E and a
cooled photomuitiplier (EMI 9558 QB) in the wavelength region -

o .
AA3000-7000 A was calibrated with an EG&G tungsten halogen lamp.
‘ _

'



The response curve is similar to that published in a previous paper
(Lee and Judge, 1972). The second order spectrum of the B°r' - Xzﬂg
emission in the region kk2750:2950 R was observed. The response
in this region was calibrated against sodium salicylate, for which
the quantum efficiency is known (Slavin et al., 1961). The system
response was found to be reasonably constant.

CS2 vapor was obtained from an analytical-reagent-grade 1liquid
CSZ. The vapor was purified by fract10n§1 distillation so that the
fluorescence from the poss%b1e impurities, especially NZ’ proauced
by irradiation of A555 E was not detectable. The vapor pressufe
inside the sample cell was monitored with a Baratron Capacitance
manometer and was 1imited to 15 mTorr or less so that the filuores-

cence intensity was linearly proportional to the pressure.

III. Result and Discussion

2

A. B C

+
Zu + X Hg System

2 2

The B EZ + X Hg f?uorescence spectra prodpced by irradiation

of photdns with wavelengths 3555, 827, 835, and 851 ﬁ are shown in
Figure 1. Thé spectrum produced by X555 E radiation is character-
istic of all ob;erved spectra produced by photons with wavelengths
ﬁot longer than AB27 E. The observed position; of band_heaas, the 3
wave numbérs, and the relative production cross sections for the

varjous emission bands are listed in Table I,

The bands a to y shown in Fighre 2 have heen observed by



Callomon (1958) who obtained the emission spectrum from the negative
flow of a d.c. discharge through C52 vapor. The rotational spectrum
of the a and b bands has been analyzed by Callomon (1958) and

assigned respectively to the 82 +(

000) > xzngayz(ooo) and xzzg,]/z(ooo)
transitions. The p band has a rotational spectrum similar to the
a band and is thus assigned to the B (UOD) 2Hg’3/2(020) transition.
Callomon (1958) also suggested that the e and f bands correspond to
“the B Z (000) + X 2 3/2(100) and X2H ]/2(]00) trans1t1ons The
correctness of this suggestion is corroborated by the presently
observed spectra. Because the a, b, e, and f bands are emitted
from the same upper level, BZH:(OOO), their re]ative emission
cross sections will be independent of the incident photon energy.
This independence is apparently consistent with the present spectra
shown in Figure 1 and listed in Table I.

As shown in Figure 2, the spearations of the o-B and the c-d
bands are the same as that of the a-b bands. And, the intensity
distribution of the a, c, and a bands is similar to that of the 8, d,
and b bands. Considering. the uniformity of fhe band separations
these bands may thus be vibrationa] progressions. As shown in
Figure 1 the e, ¢, B, and d bands are not produced by primary
photons having wavelengths shorter than 2835 E; their produetion
is strong]y dependent on the primary photon energies. This may
1mp1y that these bands are emitted from the various v1brat1onal

levels of the upper BZZ state, of which the format1on is dependent



on the primary photon energy.

The bending vibration transition, 8% (010) » xzng(om) has
been observed in the‘BO2 molecule by Johns (1961). Since the CSZ+
ion is isoelectronic {Callomon, 1358, Johns, 196]) to the 802 mole-
cule, the CSZ+[BZZZ(OV'O) + Xzﬂg(OV“O)] transitions are thus to be
expected. In fact, in considering the combination of the vibrational
frequencies for the BZZZ > X2Hg transitions, only the (0v'0) » (0v"0)

- transitions can possibly explain the separations of the c-a and d-b
bands which are given by Callomon (1958) as 134.04 and 137.27 cm_],
respectively. The vy vibrational frequency of the BZZZ has been
determined by_photoe]ectronlspectroscopy (Eland and Danby, 1968,
Brundie and Turner, 1969) to be 605 cm_], which is comparable to
v](= 623.94 cm_]) of the XZHg state given by Callomon (1958). The
vy vibrational frequencies are still unknown for both the BZE: and
XZHg state. However, according to the data vy = 1070 em ! and

vy = 1322 cm"} for the BOz(XZHg) state, v, for the CSZ+(XZHQ) state
is ekpected to be of the order of vy From these considerations |
the possibility that the a, ¢, B, and d bands are emitted from the
most 1ikely populated levels, Bzz:(voo), is ruled out. The Frank-
Condon factors for the productions of the C52+(Bzz:) ions in the
(OOO),.(100), and (200) levels have been dztermined by 2584 R_
photoelectron spectroscopy (Bruﬁd1e and Turner, 1969) to be 0.89,
0.10, and 0.01, respectively. |

According to the vibrational selection rules for electronic

'3
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transition (Herzberg, 1966) AV, = 0, +2, t4, ---, the bending
vibrational levels of the C82+(BZE:) electronic staté can only be
populated by excitation of the neutral molecules in the bending
vibrational levels of the ground electronic state. Since the

sz = 0 are usually the strongest transitions (Herzberg, 1966), the
popu]atidns in the banding vibrational levels of the upper electro-
nic state will approximately have thelsame distribution a§ that of
the ground electronic state, whenever the electronic transition
moment is assumed constant. In fact, as indicated in Téb]e I, the
relative production cross sections for the a:c: a or b: d: B bands
(='1.0: 0.16: 0.03), which are in turn proportional to the popula-
tions of the vibrational elevels, do indeed agree with the popula-
tion distributioh of the bending vibrational ]eve]s in the ground
electronic state. - THe. bending vibrational freguancy Vo for the

], which results

CSZ(X1Z;) ground state (Herzberg, 1966) is 396.7 cm
in a calculated Boltzman population distribution for the vibrational
levels, {000): (010)}: (020) of 1: 0.14: 0.02, respectivé1y. This
fact also suggests that the ¢ and a or thé d and B baﬁds.may be

' emitted, respectively, ffom the bending vibrational levels, (010)
and (020} of the BQZZ state. And the corresponding lower levels
for these bands will be the {010) and {020) 1eveﬁs of the ing
state whichare again determined by the selection rules, AVZ = (0,+2,

——-. The result for the suggested assignment is listed in Table 1

and also indicated in Figure 2. From this tentative assignment

/A



and the v, bending vibrational frequency (Callomon, 1958) (=204.8 cm-])

+ . of
of the Xzﬁg,3/2 state, vy of }he BZZu state is thus 338.8 cm .

2

Similarly, v, for the B E: state is larger than that for the Xzﬂg

2
State in the BO, molecule (Johns 1961), for which v, va]ues_aré,
respectively, 505 and 464 cm V.
Prodﬁction of the a, ¢, B, and d bands is strongly: dependent
on the incident wavelengths near 1835 A. These wave1engfhs are in
élregionr(ll820—840 E) where a strong and rather broad qbsorption
feature is observed (Cook and Ogawa, 1969). This coincidence

suggests that the C52+(BZE:) jons in the bending vibrational levels

may not be produced by direct photoionization.
B. AZHU-+ xzng System

The fluorescence spectrum in the wavelength region AA4300-
5800 E producedlby irradiating CS2 vapor with photons.of wavelength
2923 R is shown in Figure 3. This spectrum is characteristic of all
the observed Spectra'produced by photons of waQe]engths not longer

than A955 A.

The present spectrum has been identified as the C52+(A2HQ > iné)
" system (Neiss]ef, 1971). However, this eﬁission system is relatively
.unknown, in contrast to the isoelectronic systems, COZ+(A2HU > ing)
and BOZ(Azﬁu > ing), which have been rotationally analyzed by
Mrozowski (1941, 1942, 1947a,b} and Johns (1961), respectively.

From the analysis of the C52+(BZZZ - XZHg) system Callomon (1958)



has determined that the vibrational levels of ing ]/2(000) and

2

X (000) are inverted, with a splitting of 440.71 cm_]. On

9,3/2
the other hand, the sp]ittiné in the vibrational levels of the
CSZ+(A2HU) state is not yet known. Although the ionization poten-
tials for each vibrational level are well determined by photoelectron
spectroscopy (Eland and Danby, 1968, Brundie and Turner, 1969),

the splitting is not resb]véd.

In the C02+(A2Hu > XZHg) fluorescence spectra (Lee and Judge,
1972, Judge et al., 1969), the strong emission bands are grouped .
into sequences, AZHU(VOO) - XEHg(v + m00}, where v +mz2 0, v =0,
1, 2,_--- and m is a fixed integer for each sequence. The band at
the shorter wavelength side of each sequence is an AZHU(VDO) -
XZHQ(OUO) transition. In analogy with the'isoe]gcﬁronic COZ+’
 the wavelengths for the C82+[A2Hu(v00) + XZHQ(UOO)] transitions
have been determined from the band head positions at the shorter
anelength side of each sequence and are listed in Table II.‘ Com-
bining'tﬁe emission photon energies of these transitions with the |
jonization potentials of the X2H9’1/2(000) and XZHQ’S/E(OOO) levels,
‘which are respectively 81735 and 81299 cm“} according to Tanaka et
~al. {1960), the ionization potentials for the vibrafiona1_1eve1s
of AZHU(VDO) are obtained and listed in Tab]e_II, The ionization
potentials given by other authors {Eland and Danby, 1968, Brundle
and Turner, 1969, Ogawa and Chang, 1970) are also listed in the

Table for ;omparison. The average value for the @ = 1/2 and 3/2 '

/Y



components of each vibrational Tevel agrees very well with the
value given by Eland and Danby (1968). The splitting averaged
over all vibrational levels is 0.021 eV (169 cm“1) The uncerta1nty
of the band head position is estimated to be +5 A resulting in an
energy level uncertainty of 0.0025 eV.

| It-is interesting to compare the splittings of t@e 2 = 1/2 and
3/2 components of the isoelectronic molecules, C52 . C02+, and BDZ‘
-The splittings for the A% (i) and X2 (i) states are respectively
169 and 441 cmh] (Callomon, 1958) for CS2 , 95 (Mrozowﬁki? 19471, 1942,
Tanaka and Ogawa, 1962) and 160 an| (Bueso-Sanllehf, 1941) for C02+

and 107 and 149 cm )

for 802 {Johns, 1961).
s ' +,.2 2
Adopting the vy values of the cs, (X q.1/2 and X0 3/2)
states from Callomon (1958), which are given, respect1ve]y, 631. 06

], and the ionization potentials of the Xaﬁ states

and 616.82 cm
from Tanaka et al. {1960), the ionization potentials for Lhe

XZHg(vOO) states may be obtained. Combining these ionization
potentials with the presently obtained ionization potentials for

-the Agﬁu(vOO) levels, thé wavelengths for the vibrational transitions,
AZHU(V'OU)‘+ Xzﬂg(v”OO) are calculated and listed in Table IV. As

shown in Figure 3 the calculated wavelengths fit-theAf1uorescence

spectrum quite well.

€. Production Cross Sections

At a constant primary photon intensity and a constant gas

/5



pressure, the fluorescence cross section, of(k,lf), for a band at
wavelength Af produced by a primary photon of wavelength X, is
proportional to the fluorescence radiation rate {Lee and Judge, 1972).
The relative production cross sections for the various emission
wavelengths produced by various incident photon wavelengths are
given im Tables T and IV for the cs2+(szz: > xzng) and the ¢S, (A%,
ing) systems, respectively. “

The absolute production cross section is obtained by comparing
the presently observed fluorescence radiation rates Qith those of
the N2+ or C02+ fluorescence, for which the-produqfion Cross
sections are known {Lee and Judge, 19?5, Judge and Weissler, 1968).
The tofa] production cross sections, zqu(xgxf), of the C52+(A2Hu,
BZE: -+ Xzﬂg) fluorescence bands produced by incident - wave-
Tengths from Ax462-977 E are listed in Table V and shown ianigure

4. - The absorption cross sections, o 1> given by Cook and Ogawa (1969)

are adopted for the calculation of the production yields, nf = cf/oT,
and are also 1fsted in Table V. The cross sections are in units of |

Mb (= 10“}8 cm2)

and the yields in %. The uncertainty for the
production cross sections is estimated to be +15% of the given value.

As shown in Figure 4 the production cross section of the AZHU -
XZHg f?uorescen;e at the incident waye1ength_k955 3 is excepfiona]]y
high. This wavelength is within the strong absorption band (Cook
and Ogawa, ]969).associated with the n = 3 mémbéf of the Rydbérg

series IIT (Tanaka et al., 1960), where a high relative photoionization

A
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cross section is also seen in the jon mass spectrum observed by
Dibeler and Walker (1967). Similarly, the large production cross
section of the BZZI + Xzﬂg-fiuorescence at wavelength X827 E is
correlated with the strong absorption and ionization (Cook and
Ogawa, 1969, Dibeler and Walker, 1967) bands associated with the

= 3 member of the Rydberg series V¥ (Tanaka et al., 1960). For
wave]engths shorter than 800 A the ion mass speCLra (D1be]er and
Nalker, 1867) show that both the dissociative ionization processes,
CS2 + hv -+ S +CS + e and CS + S + e, have appreciable efficiencies.
Since these dissociative ionization processes will reduce the
production of C52+ iens, the cross sections for the production of
fluorescence from excited CS +‘ions may be expeéted to decrease at

2
the shorter primary photon wavelengths which are shown in Figure 4.
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Table I
The band head positions, the wave numbers, and the relative production
. . + +
cross sections for the various bands of the CS2 (BZZu +-X2Hg) system
produced by'photons at various incident wavelengths. The assigned

transitions are also given.

Incident o f 555

: A(R) . 835 | Transitions
- band head ‘ 827 a2t 2o
AA) - : B°Z, X Hg(ﬂ)
2798 | o 35740 0.030 (020) + {020) (3/2)
2809 . c 35594.83, 0.16 (010) » {010) (3/2).
2820 a 35460.77 1.00 1.00 . (oo0) ~ (000) (3/2)
2826 . 35386 0.016
2834 . B 35286 0.026 (020) - (020) (1/2)
2844 d 35157.33, 0.13 {(010) = (010) (1/2)
2855.56 b 35020.06 0.91 0.86 (000) - (000) {1/2)
2863 34928 , 0.017
2870 e 34843,95 - 0.0621 0.023 (000) - (100} (3/2)
2874 34795, 0.052 0.055 :
2908 f 34389 0.020 0.021 (000) - (100) (1/2)
0.014 0.015 :

2914 34317

*The wave numbers are adopted from Callomon

2/



The ienization potentials for the Aznu

Table 11

0

v00)

vibrational levels

obtained from the presently observed sequence baridheads.

values given by other authors are also given for comparison. .

The

Sequence Vibrational Ionizafion Potentials (ev)
Band heads Levels Eland Bundle Ogawa
o n _ and and and
A(A) HU(VOO)(Q) This Work Danby - Turner Chang
S SRR (SR X S 12,866
4403 7 T 3 1 R (O TR N I
e “Ar am w2 i
et SV B~ SRR PR R LT
W BE e we S




Table III

The wavelengths for the vibrational transitions of

+ 2 H 2 1l
the CS, [A Hu’ﬂ(v 00) + X Hg’Q(v 00)] system

N OI <
0 0=3/2 4880 A 5031 A 5193 A 5365

1/2 2940 5099 5268 5250
1 3/2 4740 4883 - 5035 5195
/2 4803 4953 5113 5283
2 3/2 4607 4742 4885 5037
1/2° 4671 4813 4964 5124
3 3/2 4497 4625 4761 4905
172 4542 4676 4818 £969
4 32 4380 4509 4630 1755

1/2 4437 4565 4797 4844

23



#r

The relative cross secticns for the CS, (

o 4..:00
AX{A) I

4430

g Q.17

o 5025
A(A) i

5080

o 1.02

4430

{

4475
0.15

5020
5180

- 1.44

4475
!
4535

0.43

5180
5265
1.33

4535
o
4500

0.43

5265
N

5360
1.69

" Table IV

A m, haait

4600
1
4650

0.63

5360

5570
2,32

system in various emission wavelength regions.
The G35 (AZH ) jons are produced by incident wavc]enguhs of 1923 or: 955, A

4650
!
4730

0.75

5570

l
5770
1.52

4730 4790 4875
I 1 |
4790 4875 - 4930

1.00 0.93 1,07

49320
l
5G25

1.41



Table V
The production cross SELLTOSS, cgﬂzozd UBFé and the yields, naF and figfs
vespactively for the CS2 (A L B E, + X R ) fluorescance produced by
pr1marypnotonxmve1engthsfrmnlk462 977A The absorption cross secticns,

Ops Were g1ven by Cook and Ogawa Tha cross sectijons are in uni its of

Mo(= 10" -18 cm ) and the yields nf( o /q ) are in units of %.
A(A) o{ib) op-(MD) npe(%) ogs{i) ng(%)
462 2.3 1.5

501 3.4 2.0

526 3.9 3.6

555, A5 5.0

589 - 4.7 7.5

593 : - 4.9 : 6.6 ,
610 . 35.7 4.8 13 6.2 17
625 35.2 4.6 13 5.2 14
637 37.8 5.1 13 6.1 16
645 38.1 4.8 13 5.9 15
589 45.1 4.9 11 9.5 21
702 - 44.8 5.7 13 10.8 24
716 46.3 6.3 14 9.7 21
731 46.5 6.9 15 6.9 15
769 48.0 8.3 17 8.9 19
772 49.5 8.8 18

790 68.5 9.7 14 16.4 24
801 60.7 10.4 17 17.5 29
809 45.8 6.6 14
815 57.7 10.3 18
822 45.8 : 19.6 43
827 82.0 11.6 14 56.0 68
835 77.4 10.1 13, 37.3 43
840 37.2 15.9 43
844 37.2 7.0 19 16.7 . 45
851 27.9 5.7 20 8.8 31
879 52.1 7.9 15

894 43.2 7.6 18

907 83.6 14.2 7.

923 45.4 30.2 67

955 120.2 64.9 54

977 1.7




Fig.

Fig.

~ Fig.

Fig.

Figure Captions

The fluorescence spectra of the CS +[B L, X H ] system
produced by primary photons of wave]engths A555 827, 835
and 851 A

The fluorescence spectrum of the CSZ+[BZE: +,X2§g] system
produced by primary photons of wavelength A835 A. The
band heads, a-y, given by Callomon are indicated. The
suggested assignments for the «,c,B, and d bands are also
indicated.

The fluorescence spectrum of the €S, [A I, > X H ] system

produced by primary photons of wavelength h923 A The
suggested assignments for the observed bands are indicated.

The production cross sections of the Cs, [A i, > X 2 ] and’
[B -+ X Hg] fluorescence which are 1nd1cated by .

and X, respect1ve1y. The units are in Mb( = 10 -18 cm ).
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Abstract

1

The CS(A]H + X Z+) fluorescence resulting from photodissociation of

€S, and OCS by vacuum ultraviolet emission lines from AX686-1239 A has been

2
invesfigated. With the assumption that the electronic transition moment is
constant, the Franck-Condon factors for the emission system and the pop-
ulation in the vibrational levels of the CS(A]H) electronic state have been
measured. The population data are approximately represented by a Poisson
distributidn, which is predicted from a theoretical argument. A population

inversion between the v o= 0 and 1 levels of the CS(A]H) state is found.

The production cross sections for the fluorescence are also measured.



I. INTRODUCTION

+ * . . s .
]Z ) fluorescence produced by photodissociative exci-

The CS(A'T + X
tation of CS2 produced by photons in the wavelength range from AX1200-
1337 A has been observed by 0kabe1. The excited photofragment CS(AIH) is
mainly produced by the process
(p

5. + hy + CS(ATT) + S

2 2)

The ultraviolet fluorescence at wavelengths shorter than A4500 R,
produced by 0CS absorbing photons of wavelengths from Ax650-1000 E, has
been reported by Coock and Dgawaz. However, the source of the fluores-
cence was not identified.

The fluorescence spectra from photofragments provide data re-
quired for an understanding of photodissociation mechanisms. Recently,
several theoretical argumentsa-ﬁ have predicted the population distribution
in the vibrational levels of a diatomic photofragment. Such theoretical
predictions can be investigated by observing the fluorescence spectra as

has been demonstrated in earlier work7 and again in the present investi-

gation.
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II.  EXPERIMENTAL

The experimental setup has been described in a previous papers.
The nominal vacuum UV emission lines selected for this investigation
were 686, 765, 790, 834, 923, 955, 977, 992, 1037, 1085, and 123% E.

The bandwidth of the 1-m normal incidence monochromator used for
isolation of these 1ines was set at 5 E or less. The absolute line
intensities were measured with a nickel film photoelectric detector for
which the quantum efficiency was knowng. The fluorescence was dis-
persed by either of two gratings, one blazed atZOOOR and the other at
5000 R, of which the first and the second orders were used, respectively.
The bandwidth of the 0.3-m normal incidence monochromator used in the
present investigations was set at 3 E or less,

The combined response of the 0.3-m monochromator and cooled phbto—
multip]iér (EMI 9558'QB ) was calibrated against the response of sodium
salicylate, of which the fluorescent efficiency between 2200 and 3400 R
is known to be cons;ant10. The spectral region of interest extends from
Ax2400-2900 R and throughout this range the detection system response
(per photon/second) is found to be neér]y constant.

CS., vapor was obtained from an analytical-reagent-grade liquid. The

2
vapor was purified so that the fluorescence from the possible impurities,
especially NZ' produced by vacuum ultraviolet radiation of A555 R was not
detectable. OCS gas supplied by Matheson Gas Co. with a purity higher
than 97.5% was used without further purification. The gas pressure inside
the sample cell was monitored with a Baratron capacitance manometer ‘and

was limited to 20 mtorr or less where the fluorescence intensity is linearly

proportional to the pressure.
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IT1. RESULTS AND DISCUSSION
A. Fluorescence Spectra
The CS(A1H -+ X]Z+) fluorescence produced by photodissociation of

CS2 with primary photons of wavelength A1239 A is shown jnnfjg.;]L_hThe

radiation was dispersed and the second order spectrum was identified
through the bandhead positions given by Pearse and Gaydon]1. For primary
photons of wavelength A923 R the same CS fluorescence spectrum was produced
by photodissociation of CS2 and 0CS. The resulting first order spectra

may be seen in Fig. 2. At 2923 R the advantage of using the second order
to obtain higher resolution is obscured by the emissions from CSZ+’ 0CS+
ions and/or other photofragments. Several spectra were taken at various
primary photon wavelengths shorter than 1239 E for CS2 and shorter than
2992 R for OCS. These spectra are not significantly different from the
spectra shown in Figures 1 and 2. According to the photodissociation
energy of CSZ(= 4.463 eV) given by Okabe,] fluorescence emitted from

levels higher than v = 5 of CS(A]H) is energetically possible for primary
photon wavelengths shorter than 11239 E. However, the fluorescence from

these higher vibrational levels is rather weak.

B. Franck-Condon Factors of the CS(A‘H + X]E+) System

The fluorescence radiation rate, ﬁv.vu, for a band emitted from a

vibrational level v' of the upper electronic state to a level v" of the
Tower electronic state can be obtained from the measured spectra. Because
of the constancy of the detection system response the relative radiation
rate for each emission is proportional to the area under its spectral

envelope. The radiation rates for various emission bands resulting from

€S, and 0OCS absorbing various primary photon wavelengths arelisted in Table I.

2
These values are averaged over several spectra obtained under similar

P
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conditions and in which the (1-1) band of each spectrum is normalized to 1.

The radiation r*ate]2 has been given by

ﬁv'v" = KNy Res'v"qv'v“/kg'v"
where K is a constant, Nv. is the pépu]ation in the vibrational level v',
Re 1, is the electronic transition moment, qv'v" is the Franck-Condon
Factor, and Av.vn is the band wavelength.

If the electronic transition moment is assumed to be a constant,
which is usually a good assumption for diatomic mo]ecu]esa, then the
Franck-Condon factor can be calculated from the measured radiation rates
and the known band wave]engths]]. The Franck-Condon factors obtained
from the spectra resulting from CS2 absorbing photons of wavelength 112393
are listed in Table I. The sum of the Franck-Condon factors over the lower
Tevel v", X S NE for each upper level is equal to 1. The calculated

13

_ Franck-Condon factors given by Felenbok ° are also listed for comparison.

In general, except for the Av = o transitions, the measured values agree
a constant electronic transition moment.

C. Population Distribution of the CS(A]H) levels

If the electronic transition momeht is assumed to be constant,

the population Ny in an upper level, v', can be obtained from

3

= ! -
Nv' K Eu nw'v"}'L v'v

v

The population distributions inthe vibrational levels of CS(A1H)
produced by photodissociation of CS2 with primary photon wavelengths of
2923 and 11239 R and OCS with 2923 R are shown in Fig. 3 and 4, respec-.
tively. The population in the v =1 level is normalized to 1. The -

error bar shows the fluctuation of data obtained from various spectra.
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A population inversion between the v = 0 and 1 levels is evident.

The photodissociation mechanism has been summarized and generalized
by‘Simons and Taskera. When a CS2 or OCS molecule absorbs a photon it is
excited to a repulsive state and the mofecu1gr CS fragments will occupy a
range of initial vibrational states determined by the appropriate Franck-

Condon factors. Dur1ng the separat1on per1od the CS fragments are then

forced into a set of final states by the rECo11 force. If we assume that
the vibrational state of CS is that of a harmonic oscillator, and the re-
coil force corresponds to an exponentially repulsive potential, then the

probability that CS(A1H) in an initial state i will be transferred to a

final vibrational level v' is given by 4,14-16
! min{i,v') (-aE)~*
= i LN Tty -AE A 2
PV"E 'l!. v (&E) e [ Q,Eo £|(1_2)! (V‘—R.T!

where AE is the average number of vibrational quanta transferred.

If we assume that the initial states are only prepared in the ground
state, i = o, then the population, Nv" is a Poisson distribution,

Nyo = Puig = (8E)Y ey

The Poisson distribution best fit to the measured populations is shown in Figs.
3 and 4. The AE values for CS2 dissociatgd by photons of wavelengths 21239
and 923 R, and for OCS by 2923 E, are 1.66, 1.86, and 1.82, respectively.

As indicated in the figures the measured populations are only approxi-
mately represented by the P01sson d1str1but1on It seems that the.initia1

states are alsc prepared in h1gher exc1tat1on states © If we assume that

both the 1 = o and 1 states are 1n1t1a11y populated and that the number of
vibrational gquanta transferred is the same for both states, then the

population in the vibrational Tevel v' is given by

Ny = Ny E)Y TLE) + (o - 2v') aE + v' 21/ vt I[(66) P4 (a-2) AEHTD)
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where @ is the ratio of the population in the i= state to that in the i=1
state. |

The result for the best fit of the observed populations using the
Ebove equation is shown in Figs. 3 and 4. The values of AE and a for the
observed distributions are 1.665 and 12.60 for CS2 photodissoc%ated by
photons of wavelength A3239 ;, 1.951 and 4.48 for CSZ photodissociated by
A923 E, and 1.914 and 4.25 for OCS dissociated by 1923 E. A comparison

o [+]
of the AE and a values of CS, dissociated by A1239 A with those by 1923 A

2
indicates that as the primary photon energy is increased more vibrational
quanta are transferred and that the initial states include higher vibra-
tional levels.

As indicated in the figures the measured populations are only approxi- i
|

mately represented by the theoretical distribution modified to involve

the initial state i=1. The initial populations in the other higher exci- |

tated states and the anharmon1c1ty of the CS(A H) potential we]l shou]d be g

cons1dered On the other hand, Berry]? and Band and Freed]B have proposed

different photod1ssoc1at1on mode]s in- wﬁ%ch the 1nferfragmeﬁt force dur1ng
the separat1on per1od is 1gﬁ5;ga"5nd the final popu1at1on d1s£fibut1on _
is solely detenm1ned by the 1n1t1a1 Franck-~Condon factors and the continiia’
state densities. Such mode]s may provide an a]ternat1ve interpretation
for the présent measurements.

D. Production Cross SeetiOns of the Fluorescence

At low gas pressure, P, the radiation rate produced by a primary

photon of wavelength A is proportional to the production cross Section
19

Ity «(A) and is given by
n ' I!(A') = K U + u(;\) I ()*) P

where K is a constant and IO(A) is the primary photon flux.

ST P e
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The absolute total cross section, I cv.v"(l), at each primary
v'v"
wavelength is obtained by comparing the total fluorescence radiation

B uyus With that of the cot first negative band, for which the absolute
vlvi
cross section is knowna. The cross sections for the CS(A1H > X]
p _
cence produced by photodissociation of 652 and OCS,; at var1ous pr1mary

2+) fluores-

photon wavelengths, are listed in TablelIl. The fluorescence production cross

sections for the primary photon wave1engths from A462 to 686 A are est1~

mated to be smaller than0.02 Mb for both CS, and 0CS.

E. The D{0 - CS) Dissociation Energy

1.+

The threshold for the production of the CS(A’H + X' &) fluorescence

=]
from photodissociation of CS as measured by Okabe] is 1337 £ 2 A. On

the other hand, the threshold for the product1on of f]uorescence from

photodissociation of OCS has not - been given. In the present measurement weak

fluorescence has been observed at the primary photon wave1ength of A?O]O A
and no detectable fluorescence signal has been produced by A1037 A photons.
Therefore, the threshold for the production of CS(A1H) fragﬁents from photo-
dissociation of 0CS is 1024 * 14 E or 12.11 *# 0.16 eV. If we assume that

the photodissociation is through the following process
0cs + hv - CS(A'T) + 0(°P) (1)

which is spﬁn forbidden,ﬁut cqrreSponds to the CSZ photodissociation process
at thresho]d], the photpdissociation energqgy Dg (0 - CS) is then found to
be 7.30 + 0.16 eV or 168 + 3.7 KCal/mol, subtracting the 4.814 eV (2575.6A)
energy of the CS(A]H, v'=0) + CS( X1Z+, v"=0) transition from the primary
photon energy.

The present]y.obtained dissociation energy is comparable to that cal-

culated from thermochemical data. Using AH° (0) 58.983 and AH; 0(OCS) =

-33.991 Kcal/mol given by Wagman et a1.20 and AH“ (CS) 64.96 + 0.4 Kcal/mol



derived from the photodissociation threshold of CS2 given by Okabe,] the

dissociation energy is

AHf’O(cs) - AH;’D(OCSH AHf’O(O)

157.93 Kcal/mo]

Ds {0 - CS)

This value is about 10 Kcal/mol lower than the presently measured
value of 168 + 3.7 Kcal/mol. However, these closely related values
show that the process (1) is the main primary process at threshold. "If

we assume that the spin allowed process
0cs + hv > ¢S (A'm) + 0 (') (2)

is'the primary process, then the photodissociation energy D5 {0 - CS) will
be lowered by the 1.967 eV excitation energy of 0(10), and accordingly

DS (0 - CS) would be 5.33 + 0.16 eV or, 123 + 3.7 Kcal/mol. This value is
much lower than that of 157.93 Kcal/mol and therefore, process (2) occurring

at the photodissociation threshold is very unlikely.
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TABEE I - -

The radiation rates, B
i

as and the Franck~Condon factors, q,.,u, for the various bands

v'y vy

of the CS{ ATl -~ X1E+) system produced by photodissociation of CS, and 0Cs.

. Molecules . s, ' cS

- 0CS
Incident A ek | emh g sk
Bands - Bandheads | o Cale.
v -y “%vavu(ﬁ) nV]V" o _qvnvu qvtvn» ) nV'V". 'nV‘V“
. 0-0 2575.6 | 0.80 0.78 - | 0.7747 0.67 |  0.73
0-1 . 2662.6 0.14 - 0,15 0.1937 0,08 |- 0.1
0-2 -1 2756.7 0.05 . 0.06 0.0283
1-0 2507.3 0.24 0.13 0.1968 0.22 0,25
1-1 . 2589.%6 1,00 0.61 0.4040 1.00 1.00
1-2 C2677.0 0.3 0.20 0.3044 0.19 0.24
1-3 " 2769.2 0.07 - 0.05" | 0.0798 -
2-0 24448 0.04 0.03 | 0.0260
2-1 - 2823,2 | 0.32 0.25 0.3139 0,34 0.29
. . 2605.9 0.44 0,37 0.1506" 0,39 0.42
2-3 2693.2 0.31 0.29 0.3273 0.29 0.32
2-4 - -2785.7 | - 0.06 0.06 0.1420 |
3-1 C 24602 0.07 . | 0.08 | 0.0764
32 2538.7 0.27 0.33 0.3416 |. 0.38 0.36
- 3.3 . 2621.6 0.12 0.16 0.0230 0.16 0.21
3-4 . .2708.9 0.21 0.31 0,2764 0.26 0.26
3-5 2801.5 0.09 - 0.14 10,1973
4-2 - 2477.0 0,08 | 0.2 0.1404 0,10 0.10
4-3 2555,8 0.33 '0.52 0.2912- 0.40 0.42
4-4  2638.9 0.04 0.06 0.0034
4-5 2726.7 0.15 0.29 0.1822 0,19 0.19




TABLE 11

1.4y -
T ) fluorescence

Cross sections for the CS(A]E > X
: produced by photodissociation of CSZ and 0CS., The

cross sections and the primary photon wavelengths are

in units.of Mb(_='10_18 cmz) and A, vaspectively.
A{A) €S, 0cs
686 - 0.03
765 0.04
780 - 0.02 0.08
834 0.04 (.09
923 0.28 0.24
955 0.18 0.21
977 0.17 0.29
992 - 0.24 0.28
1037 0.57 0
1085 0.39 t]
1.09 0

1239

“



FIGURE CAPTIONS

Fig. 1. The CS(A1H +—X]Z+)‘f1uorescence spectrum produced by
photodissgciation of 652 with primary photon wavelength
of 21239 A. The bandhead positions given by Pearse and
Gaydon are indicated.

Fig. 2. " The CS(A]H +-X]E+) fluorescence spectra produced by
photodissociation of OCS and CS2 with primary photon
wavelength of 1923 A. '

Fig. 3. The vibrational population of the‘CS(A1H) state pro-
duced by photodissociation ofOCS2 with primary photon
wavelengths of 1923 and 1239 A. Both the best fit
Poisson and modified distributions are indicated. The
modified distribution has the initial population in
both the v = 0 and 1 Tevels.

Fig. 4. The vibrational population of the CS(AIH) state pro-
duced by photodissociation of 0CS with primary photon
wavelength of 1923 E. Both the best fit Poisson and
modified distributions are indicated.
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Abstract

2

OCS+[A2H(ODO) + X"I(v Ové)] fluorescence bands produced by

0CS photeoabsorption of extreme ultraviolet emission lines from
AK63? 801 A were analyzed and the cross sections for the production

of fluorescence were measured. Several weak emission bands were

2

identified as A"H(000) - XZH(V]OU) transitions. No fluorescence

2

emitted from the OCS+ ion, other than from the AT[(000) vibrational

level, was detected.

5/



I. Introduction

The total fluorescence produced by O0CS photoabsorption of extreme

ultraviolet radiation has been observed by Cook and Ogawa [1]. The fluores-

cence was later dispersed by Judge and Ogawa [2] and determined to be in part

emitted from the 0cS'[A%m(000)(i) + X2

M(00v)(i)] transitions. Here, the
identification of weak bands in the emissioﬁ spectrum has been extended
through the use of higher resolution spectra and the cross sections for
'the production of fluorescence have been measured.

IT. Experimental

The experimental setup has been described in a previous pape?.[3].
nomina} wavelength of the emission lines uséd in this investigation were
A637, 689, 704, 716, 769, 790, and 801 E. The bandwidth of the 1-m nor-
mal incidence monochromator used to isolate these lines was set at 10 3
or lTess. The bandwidth of the 0.3-m monochromator used to disperse the
fluorescence was set at 15 R or less.

The absolute source line intensities were measured with a nickel
film photoelectric detector, and the f]uoreséence was detected with a
cooled photomultiplier (EMI 9659BM) which is edujpped with a Q1ass win-
dow so that it responds in the wavelength region AA3000-9000 R. The re-

sponse'of the combination of the 0.3-m monochromator and the photomulti-

plier for wavelengths longer than 23100 A is essentially the same as that

published in a previous'paperf[4].-'

0CS gas supplied by the Matheson Gas Company with a purity greater

than 97.5% was used without further purification. The pressure inside
the sample cell as monitored with a Baratron Capacitance Manometer and
~ was limited to a maximum of 15 mtorr, below which the fluorescence in-

tensity was linear with gas pressure.

4
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III. Results and Discussion

A. TFluorescence Spectrum

The fluorescence spectrum produced by 0GCS photdabsorptidn of pri-
mary photons of wavelength ASOi.E is shown in Figure 1. This spectrum
was obtained with a bandwidth of 15 E and has the characteristics of all
spectra produced by other primary photon wavelengths. The bandhead posi-
tions .of the OCS+[A2HQ(ODO) - XEHQ(OOVJ; Q=%—and %3 v=0-4] emission bands
given by Horéni et a].,5 are used to identify the strong emission bands
and are indicated in the Figure. The bandhead positions for the v = 5
and 6 bands are calculated by using the data [5] that the average decrement
of the vibrational quantum energy for eachlvibrationa1 quantum is 45 cm_].
The weak bands distributed among the strong bands, which have also
. been observed by Hokanieta1., [5]arepossib1y in part attributable fo the

AZHQ(UDO)7+ XZHQ(V}OVB) emission bands, where vy, vg = 1,2,.... Using the

1

3

v, value [6] of 650 cm ' for the 0CS+(XZH) state, the wave numbers and

1
wavelengths for the various bandheads of the OCS+[A2HQ(OOO) > Xzﬁﬂ(v10v3)]
transition are calculated and 1isted in Table I. As indicated in the

Figure several of the weak bands occur at the calculated positions of the

AZHQ(OOO) -+ XZHQ(V]DV3) trans1t1ons.r
B. Band Strengths

When the bandwidth of the 0.3-m monochromator was set at 8 A the
 components of each strong bénd shown in Figuré 1 were comp]etély'see
parated. Therefore, the radiation rates, n, for the components of
Qarious emission bands could be obtained and averaged over several
spectra, are listed in Table II. The radiation rate is measured by the
aréa‘under the spectral envelope and corrected by the detectfqn résponse.

The band strength, which is defined [7] as P=Rezq =k i la, is also
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calculated and given in Table II, where Re is the electronic transition
moment and q is the Franck-Condon factor. The radiation rate for the

= g-component and the band strengths for both the g = %—and g-compo~
nents of the A% i (ODO) + X H (003) band are norma11zed to 1. The

Franck- Condon factors prev10us]y published by Judge and Ogawa [2] were only

estimated from their low resolution spectra and are somewhat different

from the present values.
C. .Production Cross Sections

At Tow gas pressure, P., tHe radiation rate is given [4] by
h = Kog lo P Flxg) |

where K is a constant, Oe is the fluorescence production cross section,
and Io is the primary photon flux and F(Af) is the WaveIength dependent
fespohse function of the detection system.

The production cross sect1ons for the sum of the OCS [A H (000) -+
X H (OOV) Q= %-and 5 V= 2-5] bands are obtained from the measured
fluorescence radiation rates, and calibrated.against the known fluores-
cence cross section of the N2+ first negative system [8]. The resuIts for
the production cross sections are listed in Table III for the various
primary photon wavelengths. The thresholds for the prdduction of OCS+
[AZHQ(OOO),Q = %—and gﬂ ions‘are at 2821.14 and 822.26 E, respectively.
The total absorption cross sections, OT,given by Cook and Ogawa [1] are
adopted to calculate the product1on yields, n(= af/oT) which are also
Tisted in TabIe III The cross sections are in units of Mb (= 10° ]Scm?)

and the yields are in %.
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iV.  Concluding Remarks

The photoelectron spectrum{6] of 0CS* shows three well defined

2. 2 +

+ * -
states, AT, B £, and ¢%x » which are very similar to C02 However,

in contrast to C02+ which emits fluorescence [3] from all excited vi-
brational levels of the AZHU state and the ground level of the BEE:

state, OCS+'emits no fluorescence from levels higher than v = 0 of the

A%T state. Judge and 0gawa [2] have attributed the absence of fluores-

cence from the ¥ 2 1 Tevels of the AZH state to predissociation. .This
assertion is further strengthened by the present observation that the
cross section for production of fluorescence fTom the inverted A2H1/2

(000} Tevel is only 75% of that in the AEH (000) level. The rela-

3/2

tive fluorescence cross sections are measured by the sum of nA[3] over

all the bands listed in Table II.

The absence of fluorescence from the UCS+(822+ and CZE+) states "

indicates that these states are also predissociated.



Table I

The wave numbars, v{cm ), and the.wavelengths, A(A), for the various band heads
of the A%T (UUO + X%T (V Ov ) | transitions.

Q 3 0 1 2 3 4 5 6
* ¥ * x - F
G- v | 31154", 29091, 27066 25088°, 23158, 21769 19425
2 | 2208.9"  3136.5  3693.6  3984.9°  4317.0  4700.3  5146.5
-% 41 v | 30508 2844] 26416 24438 - 22508 20619 18775
» | 3277.3  3515.0  3784.5  4091.0  4041.6  4848.5  5324.7
2 7 v | 20851 27791 25766 23788 21858 19569 18125
x| 33187 3597.2  3880.0  4202.6  4573.7  5005.3  5519.5
X * 3 * .
0 v | 31408%,  20339%,  27316", 25334, 234007, 21511 15557
» | 3183.0°  3207.4°  3659.8° 30462  4272.2  4647.2  5083.2
3 Pty | sorse 28689 26666 20584 22750 - 20861 19017
{7 % | 3250.2  3482.7  3749.0  4050.0  4394.3  4792.0  5257.0
25y | 30108 28039 26016 24034 22100~ 20211 18357
x| 33201 3565.5  3842.7  4159.6 . 4521.5

4945.0

5443.0

*Adopted from the data given by Horani et al.



Table 11

The radiation rates, n, and the band strengths, P, for the various
bands of the A%Ez(OOO)—+ X?HQ(ODV3) iemission system. The band
positions, A, are in units of A, :

¥3 2 3 4 5
1w 3693.5 3984.9 4317.0 4700
! ’}Z n 0.45 0.75 0.59 g.41
p 0.43 1.00 0.99 '0.89
A(A) 3659.8 - ' 3905.2 4272.2 £647.2
S0 o 0.69 ©1.00 0.8 052
p '0.55 1.00- 1.07 - 0.82
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Table I1I

Cross sections, o(Mb), and the product1on yield, n(?) for

fluorescence from the sum of the OCS [A i (000) + X°7 (00v3)

Q= ; and g, Vg= 2- 51 bands. The total absorptlon cross sect1ons,
(Mb), Tor various primary photon wavelengths, A(A), are

adOpted from the data given by Cook and Ogawa.

AMA) o (i) or(Mb)  n(%)
637 0.05 4.8 0.12
689  0.06 45.8 0,13
704 0.05 45.5 0.1

716 0.05 45.0 0.17
769 0.06 46.1 0.13
790 0.06 .  42.4 0.14
801 0.1 1.5 0.15



Fig.

Figure Caption

Fluorescernice spectra of the OCS+[A2nQ(OUO) -+

XZHQ(V}UV3)] system produced by primary photons
‘ a ’ :

of wavelength 2801 A. The bandhead positions

given in Table I are indicated.
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ABSTRACT
With the assumption that the splitting of the co;[xzng(mo)(%)]
level is caused by 'perturbation of the C02¥[X2Hg(020)(%J G+].1eve1,
the bending vibrational levels are calculated and the bending fre- |

quency, w,, is found to bz 514.8 an .

This value is comparable teo
the observed freqﬁency of 51310 cm"] obtainad frem the C02+(A2Hu >
2 . : .

X“Eg) fluorascence spactra which are selectively produced by vacuum

uliraviolet radiation.
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I. Introduction

The bending quantum of the C02+(X2Hg(i)) molecule has been pre-
viously measured by Judge et al. {1969). However, due to limited spec-
tral resolution only an approximaté value was given. Here its value has
been remeasured using significantly higher resolution spectra.

The bending vibrational levels of C02+(X2H9)Aare split by the spin-
orbit and the vibronic interactions (Herzberg 1966). The Towest vibra-
tional level splits into two sublevels and their terms are given by

, | 6(0,1,+ ‘f) = w, i—;-A-;}ezwz (1)

where i-% is the spin quantum number, g is the bending freguency, A is

the spin-orbit interaction constant, and ¢ is the Renner parameter.
Each excited bending vibrational level is split into four sub--
‘levels and their terms are

] %A wy (Vy*+1)

G (VZJ.’—'?‘) ‘wz('! ‘E‘E)(VZ"T”""Z‘AVZ] ¥ BA* (2)
‘ 3 Vo 1
and, .G (VZ,T,i ?J = wz(] -g¢ )(v2 + 1) ) sz 1% o o (3)
: , v, .
* _ A2 2 2
where AVZ 1° fﬁ- +ew, v2(v2 + 2)
Mfozowski (1941, 1942, 1947a, and 1947b) has observed that the sub-
level Q= %-of the XZHg(ioo) state is very strongly perturbed and splits

into 12 and 1P sublevels. He -suggested that the perturbation is pro-
bably caused b} the xzng(ozo) state. If we assume that the perturbing

level is the X2H9(020)(%) 6" sublevel and its position is halfway between



-1 measured from the

the 1% and 1° Tevels, i.e., 6°(2,1, + %) = 1264.6 c
Xzﬂg(OOO)(S/Z) ]EVE],théntuz, calculated from equations (1) and (2) and
the known values of"sw2(= - 93 cm-]) and A(=- ]59.5cm-])( Herzberg 1966),
is found to be 5]4.8 cm”1. The Renner parameter is therefore ¢ = - 0.18.
Using these w, and € values the positions of the bending vibrational
Tevels are calculated as shown in Fig. 1.
II. Analysis

Fig. 2 shows the spectra obtained by photoionization of CO2 at the
primary photon wavelengths of A?]S? 709, and 703 E, of which the highest
possible excited vibrational levels are AZHU(OOO), (100), and {200), re-
specfive]y. The spectrum obtained by photon excitation at a waye]ength
of X587 A is shown in Fig. 3. The spectral bandwidth of the 0.3 m mono-
chromator used to obtain these spectra was set at 4 R*or less.

As indicated in the spectra shown in Fig. 2 and 3, the emission bands
of the AZH (v 00)(a) + XZH (020 1(9) 6* transitions a1ways accompany
LJthose of the AT (v OOXSB a-x 2 (OOQKQ) tran51t1ons w1th the presenf
spectra the wave1ength for an emission band is determ1ned‘ﬁ1th1n 3 A
(~30 cm"). However, checking with the previously published emission
spectra (Smyth 1931; Fox et al., 1927) the positions of the emission bands‘
are further confined and their wave numbers are determined within 10 cm
The observed wave numbers for the various AZHU(VIOO)(Q) -+ XZHQ(OZD)(Q) Gt
transitions are listed in Table 1. The calculated wave numbers, which = .

. are obﬂained from the known positions of the AZHU(V]DO) levels {Mrozowski

1941, 1942, 1947a, 1947b) and the calculated energy levels shown in Fig. 1,

are also listed in the table for comparison. The correctness of the assign-

ment for the Aznu(vloo)(ﬂ) +—X2Hg(020)(ﬂ} G~ transitions is corroborated by
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the fact that tha vibrational energy of a AQHJ(V]OU) level obtained from its
. :
it %
presently assigned transition to the X7 (C20)67 level agrees with its transi-

tion to the X° n (ono) level assigned by Mrozowski (1941, 1942 and 1947a).
The v1aratapna1 energies of tha AZHU(V]OD) levels obtained from their
traasitions to tha different X2H9v1 vels are listed jn abTe 2 for
comparison.
The positions of the X Ug(D O)(%J and (%) G levels obtained

:from the observed emission bands listed in Table 1 and Table 2 are
1isted in Table 3. The averace valuss for the positionslof the XZHQ(DZO)
(%J and (l} G levels are 935 and,963 cm—1, and in reasonable agresemant

"1, respectively.

with the ca .u ated values 950.2 and 856.7 cm
Frem the spectrum produced by the primary photons of wavelength

2715 A the pos itions of the various AEH (C”O)’O) > X (ﬂv 0) (0} 6"

9
emissicn bands are obtained brd Tisted in Table 4. The position of the
2 . ]
AfH (600 (%J > AZIQ(OEO)(%J 6 band is estimated from the 1° and 1b

levels ¢iven by Mrozowski (1%41 and 1942). The calcuiated positions

of the expactied emissicn bands are alsp listed in Teble 4 for compa

son, The positiens of the banding vzbrat1cna1 Tevels obtained from

these observed emissicn bands are ccmparable to the calculatad ievels

and ara s%oun in Fig. 1 in which the positions of the-XEHQ(OEO)(%J

‘and (%J G levels are adopted from the average values listed in Table 3.
Sirice the qﬁantity %-Ezmz is = 2 a:r!f1 and within the experi-

mental errqr, it may be neglected in the exnerimental determination

of oo - The chserved vibrational levels are plotted ag . t the guan-

tuin number as shown 1in ng. 4. in whicn the enérgy centroid of the 5Ub~

Tevels 1s Tinear with quanium numbdber. The observed bending Trequency

-1

detaermined Trom such data s 513 = 10 om

ORIGINAT, PAGE IS .
OF POOR QUALITY
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. 2 .
@ and @ for the A HU\VJOG)(Q) - X Hg

. Table 1

2

' *
' Comparison batween the calculated and the observed wave num

bers,

(020){() G transitions.

V.

1
2

Nt

Yave Mumber (cm_])

Jave Numbsr (cm"])

mC mO o wEwo w(: wO ?Emﬂ
0 27671.3 | 27551 20 27582.3 27600 | -18
i 28797.2- | 28802 -5 28709.1 28721 -12
2 29918.5 | 29911 s | 20831.8 29824 “12
3 31032.1 | 31035 -1 30952 30872 -20 -

7

* Yalues are taken from Swyth (1931) and Fox et al. (1927}




' ?ab1e 2

wugompgriéon,of the vibrational energies of the AZHU(V]OO)(Q)_leve]s_

obtained from their transitions to the x2n (020) (2} G~ level
with their transitions to the XZHg(ODD)(Q) Tevel.
* -1 * -1 Present . Mrozowski
v Q 1 wp(v]) cm :mo(v]) cm mo(v]) - wD(O) w(v )*2 (0}
0 %- 27620430 2765110
%- 27550 27600
1 %— 28790 28802 1151 1127
.-% 28730 28721 1121 1126
2 %- 29890 29911 - 2260 2250
-% 29820 29844 2244 2247
3 -% 31050 31035 3384 3370
%— 30960 30972 3372 3372

LN (v } and W, (v ) are the wave numbers for the X (v 00}(0) + X

an(ozo)(g) 6

trans1t1on obta1ned from the present and Smyth's Spectra, respectively.
*k w(gq):1s the wave number for the A Hu(v]UO)(Q) + XZHQ(OOQ)(Q) transition

adopted from Mrozowski .
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Table 3

The observea XZH (020)() G enargy levels relative to
the X m (OOO)(B/Z) level. These levels are obtained

' from tne ohserved wave numbers of the X (v 00)(a) =

X II (020){Q) G™ transitions listed in Tab]e 1

Q 1 3
5 2
1
0 97710 cm” " 932510 cm |
1 952 1 938
2 965 938
3 956 - 930
Aver- 963 935
age

22




Table 4
- Comparison beiween the calculated and the observed wave
+
numers . and w_, for the AZEU{DOO)(Q) - Xzﬂg(OvZG)(Q) G-

“transitions.

1 3
2 7
t Mo -1 ' 1 -1
Wave Huimber (cm ) Have Number (cm )
[xJC U.)lo . LA}E(JJO mc . (.:JO w(—:mo
¢t | 27370.2 | 273%0 20 | - 27268.2 | 27268.2 0
2
6 7671.3 | 2765] 20 27582.3 | 27600 -18
N 6" | 2se57.5 | 2624 17 25155.0 | 25152 3
& e
6 | 26733.2§ es718 | 15 26644.7 | 28561 -16

aluas are takan from Smyth (1937) and Fox et al. (1927)
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OF POQR QUALITY

7>




Fig.

Fig. 2.
. produced by primary photon wavelengths 2715, 709, and

Fig. 3.

Fig. 4. The plot of the observed vibrational energies, @(cmf]))"

1.

+

FIGURE CAPTIONS

The calculated and observed vibrational energies of the
C02+[X2Hg(0v20)(9)] levels. The vibrational energies are
relative to the xzng(ooo)(go level and in units of cm .

The fluorescence spectra of the C02+(A2Hu + XZHQ) system

703 A. The positions of the Aaﬂu(viOO) -+ Xzﬂg(v¥00) and
XZHQ(OVEO) G transitions are indicated.

The fluorescence spectrum of the C02+(A2Hu -+ XZHg) system
produced by primary photon wavelengths 2587 E. The
positions of the AN (300) xzng(vqoo) and x2ng(020)

transitions are indicated. '

versus the vibrational bending quanta; v,, for the X?Hg

7'A4(6520) levels. A line through the energy centroid is

drawn, - : : : T T

7¥



Calculatad Obs-l?.rv:aJ
- 1 o | ,
(200)(*‘2-)- 2682.18 7 ;
2500(— (200)3)——2495.93
> , .
- 3 77,
- (O*ﬂ_fo){z)GJr 2377.3 2330
(040)(%) 2370.3 2354
2000 — |
. _ I"‘ i .
i (040){2)6_ 895.| 910
(040)%) 1888, 1 —1872
e ]
L
3 iS00+ , _
(1OO)(—'2-)-——1425.3:
, 3 ‘ 3 ~n
| 3 1287.35 3 . 5
| (100(2)b 8 (020)(2)(3+ _____ 1264 1285
| 100N 124180 (020)() 1258.1 —— 1238
I -
L 020}~ 957.0
1000 ©201) _ _ 063
i (020)(%) 550.2 93
200 — OFf)oo}%“ PAGE g
(000){5) —— 1595 ©F POO0R QuarTy
ow{oooui”é) ocm!
Fiogure 1
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APPENDIX A

CONTINUATION PROPOSAL (April 26, 1972)
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INTRODUCTION

The following proposal indicates the areas of work successfully
pursued during the past funding period and suggests a Togical extension of
the past effort. Our work is concerned with the measurement of absolute
photodissociation cross sections for the formation of specific products

of the atmospheric gases and long term evaluation of channeltrons.




PHOTON IMPACT STUDIES OF MOLECULAR GASES
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I. Measurements of the Absolute Cross Sections

The cross sections for the production of molecular fragments by
AUV irradiation have been measured by observing the fluorescence radiation
rates from those fragments. The experimental arrangement is shown in
Fig. 1. The XUV 1ight was produced by a spark discharge thrbugh a boron
nitride capillary and dispersed with a 1-m normal incidence monochromator
(McPherson 225). The fluorescence produced by the molecular fragments
was dispersed with a 0.3-m normal incidence monochromator (McPherson 218)
and detected synchronously with a cooled EMI 9558 QB photomultiplier..
The absolute cross sections were determined by comparing the fluorescence
radiation rates of the molecular fragments with that of NZ(B 22:). The
absolute cross sections for-the production of some excited fragments
from CH4,
B}. Using the same facilities and technigues, the absolute cross sections
< for:-the gases- of interest in planetary- atmospheres, such as NH3, HZO’ NO,

NZO’ NOZ’ etc. will be measured during the next funding period.

II.  The Population Distribution of Excited Vibrational Levels Produced
by Photodissociation

The mechanism for the production of the CO Cameron bands through

photodissociation-of CO2 has been studied in this laboratory during the

past year. It is found that the dominant mechanism is as given below:

€O, * hv > coz

- co(a'3z+, d 3Ai, e 32') + 0(3p)

> ¢ofa 3n) + 0(3p) + hv!

FA”

and 602 have been measured in this laboratory (see Appendix A and



The population distribution of the vibrational levels of CO(a’BE+

and d 3A1) has been found to be a Poisson distribution and agrees with
the prediction of a quasidiatomic model, which is characterized only by
the phase-average transfer energy during the separation period (see
Appendix C}. This model should, however, be tested in the photodisso-
ciation of other gases of atmospheric interest. In particular, it would
be highly desirable to test the validity of the model by observing the
photodissociation of other 1inear molecules, such as NZO’ NO2 and CSE.
The fluorescence from the fragments of these molecules has been previous]y_ i}

observed in photodissociation. The fragments formed are,

NO+hosNo+0N,+ 0+ hy

2 2 2
NO, + hv > NO" + 0 > NO + O + hv

and Cs, + hv - cs* +5>CS+ S+ hv'

The population distribution of the vibrational Tevels of these fragments

can be measured by the same technique as used to study COZ'

III. Constancy of the Transition Dipole Moments vs. Internuclear
Distances for Molecular Transitions
The electronic transition dipole moment of a moiecu]ar transition
can be calculated using the measured radiation rates and the relative
Franck-Condon factors. Its variation with internuclear distance has been
studied by several authors, but substantial errors are present in the
many of the published papers. Using the line emission light source
and the synchronous detection system, it is possible to produce accurate

data, and accordingly to determine the transition dipole moments with

§3



precision. The transition dipole moments of the A+X, B»X, and B+A
systems of CD+ have been investigated. In contrast to a previous result
indicating that the transition dipole moment of the A+X system of co?
varies with the interﬁuc]ear sepération it is found that each system

has a constant transition dipole moment (see Appendix D). Since the
transition dipole moment is a principal factor in the determination of
the band strength, its measurement is important for the investigation

of airglow measurements in planetary atmospheres. The measurement of
transition dipole moments will be extended to several transitions of

N2, NO, and CS, during the next funding period.

IV. Quenching

In the study of the pressure dependence of the fluorescence 1ntensity,'
it is, in general, observed that the fluorescence intensities for the
lower vibrational Tevels decrease s1owér than the higher levels as the
pressure increases. This relative intensity enhancement for the lower
vibrational levels is attributed to the vibrational relaxation of the
higher Tevels into the lower ones. ~The vibrational relaxation time may
be obtained from a quantitative study of the pressure dependence of the
fluorescence intensity. On the other hand, the measurement of the vibra-
tional relaxation times will aide in the determination of the pressure
of the gases in planetary atmospheres. Further study of this subject is

planned.

V. Resonance Scattering Experiments

Consider the problem of determining the absolute cross section for

~-the. following photon-molecule interaction:

5#



coz(ﬁ 1z;) + hv » co(a 3n) + D(Bp)

Assuming the incident.photon flux is known, cross sections can be experi-
mentally determined if the abundance‘of O(Sp) is known. The amount of
0(3p) present can be determined through the technique of resonance scattering.
Previously, cross sections in this laboratory have been determined
 through fluorescence studies of excited fragments. For the above reaction
this would be a poor method since the fluorescence results from the

3H) - CO(X 1E+)]. Thus many of the CO{a 3H)

"forbidden" transition [CO{a
states would be depopulated through collisions. To determine this loss,
deactivation rates are required. This makes the experiment difficult to
perform and increases the possibility of error. Lawrence ] has, however,
observed this fluorescence and obtained a value for the deactivation
coefficient and for the cross section for the production of CO{a SH).
Nonetheless, an independent measurement not subject to the same experi-
‘mental difficulties would be highly desirable.

Furthermore, there are many reactions which only yield fragments
in their ground state. Resonance scattering could be used to assign
cross sections to these processes. The reverse experiment cén also be
performed; if the reaction cross section is known and the resonance
scattering cross section unknown, then it can be found experimentaily.

Realizing the abundance of information that can be gathered through

such scattering experiments this laboratory has intjated a study of

resonance scattering. The following describes this work.

A. Work in Progress
Succesful observation of resonance scattering in helium have been

.» - made in this laboratory.. Using the 584ﬁ line of He I, resonance scattering
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has been observed at right angles to the incident 5844 radiation when

helium was introduced into the sample cell. An rf discharge through helium
was used to generate the 5844 line. The self-absorption of this line by

the source itself, has been studied using a 3-meter spectrograph in 4th
order, It was found that the center of the line showed total absorption
having a 0.0]ﬁ.width at 100u pressure through a path length of 4 cm. The
self-absorption by the source is expected to be much less for diatomic gases
such as 02. Since the dominant background gas will be 02, rather than 0

from which the 1304 radiation is obtained. The direction of gas flow

through the discharge tube can also be used to further reduce the ébsorption.

At the present time an experiment is being assembled to study reactions
through resonance scattering. The first reaction to be studied is CO2 +
hv = CO{a 3n) + 0(3p)._ What follows is a description of the experiment
and an outline of the equipment available.

A photomultiplier, 1/2-meter Seya-Namioka type monochromator, and a
0.3-meter McPherson 218 monochromator are all attached to a samp]é cell.

The optic axes of the components are connected in such a manner as to be
mutually orthogonal. Also attached to the cell and on the optic axis of
the McPherson monochromator is a Wood's horn Tight trap. A schematic
diagram of the apparatus is shown in Fig. 2.

The McPherson monochromator is used to isolate the 13024 resonance
line of OI generated in an rf discharge tube containing 02. After passing
through the cell this radiation is trapped by the 1ight trap. Thus the
only 13024 radiation which can reach the detector must be resonantly
scattered. The present detector will use sodium salicylate in

conjunction with a photomultiplier with a



bTue sensitive photocathode. For the future a photomultiplier with a
potassium bromide photocathode is proposed.to cover the wavelength range
from 1050-16004.

The CO, will be dissociated primarily by radiation exiting from the

2
1/2-meter Seya-Namioka type monochromator. This monochromator is being

built at USC and is just nearing completion. It employs differential

pumping slits, sine bar drive, fast pumping, 1/2 metef Rowland circle

for increased Tight gathering power and a stainless steel vacuum chamber.

A condensed spark discharge 1ight source will be mounted at the
monochromator entrance slit. | Since this source generates a line emission
spectrum resolution is generally not sacrificed by using the 1/2-meter
monochromator.

Platinum and sedium sa]itylate coated photomultiplier detectors will be
used to monitor the resonance line intensity and the incident photon
intensity. These detectors will be calibrated using an.argon ionization
cell.

The output from the resonance scattering detector will be processed

by gated pulse counting electronics synchronized with the spark source

in order to increase the signal to noise ratio.

B. Summary

It is proposed that the technique of resonance scattering be
established as a useful method for detecting ground state fragments. To
this end it is suggested that a study be made of the reaction C02 + hy >
co(a 3n) + O(3P), through resonance scattering from the O(BP), to yield an

absolute cross section for the formaticn of CO in the a 3H state.
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Ideally the only radiation reaching the detector would be 13024
resonant scattered radiation. However since the sodium salicylate coated
photomultiplier has a wide spectral response it will be necessary to make
a difference measurement between Ehe signal output when the resonant light
source is turned on and when it is off. Thus non-resonant radiation,
namely fluorescence, can be discriminated against. This ‘method is applicable
if radiation’ does not result from fluorescence excited by the
resonance line.

Any "contaminating" fluorescence will result primarily from the
3

Cameron bands, CO0{a ~1 - X 1>:+), and excited COZ. Other energetically
possible processes are C0, + hv -+ CO(X ]£+) + O(]D) and COZ + hv + CO{X 1E+)+
0(15), but it is extremely difficult to detect any radiation from these
long lifetime metastable states.
For those cases where competing fluorescence is a great problem
a third mondchromator could be used to isolate the scattered radiation.
An alternate choice, which is less effective but a1so less expensive,
is to use a narrow spectral response detector, such as the proposed pota-

ssium bromide photocathode photomultiplier.

V6. M. Lawrence, to be published in J. Chem. Phys. April 1972.
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CHANNELTRON EVALUATION
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I. Bendix 4028 Lifetime Studies

The evaluation of Bendix 4028 Channeltron multipliers is continuing
with primary emphasis on determining their 1ifetime. Five of these devices
are presently being tested and have accumulated = 3 x 10H counts. They
are now accumulating counts at the rate of = 36,000 counts/sec. Periodi-
cally their gain and pulse height distribution is checked. To date no
significant change in their characteristics has been observed after the
initial "burn in" of kﬁ]Og counts. A sixth multiplier having an accumulated

! counts is being transferred to the jon-pumped chamber

counts of 6 x 10]
containing the above referenced multipliers. Details of the channeltron
characteristics will be included in the next progress report.

It is proposed that the lifetime evaluation be continued during
the next funding period in order to provide further data on their expected

behavior during multiyear missions such as those planned for the outer

planets.
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Abstract

The research proposed in the following sections represents a continuation
of our laboratory investigations of pfocesses of interest in planetary
atmospheres. Primary emphasis will be placed on photodissociation pro-
cesses leading to ground state or metastable fragments as outlined in
Section I. Continuation of our evaluation of the long term characteristics

of channeltrons is also proposed.
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PHOTON-MOLECULE INTERACTION STUDIES OF THE ATMOSPHERIC GASES
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I. DISSOCIATION CROSS SECTION MEASUREMENTS
INTRODUCTION

It is proposed to extend cur preliminary investigation of gaseous
photodissociation and photoionizaéion processes which result in the forma-
tion of ground state and metastable atoms and molecules. Previous work in
this laboratory has been involved primarily with the production of excited
states in photon-molecule interactions. Such excitation processes were in-
vestigated by observation of the resulting fluorescence radiation. In the
proposed extension these fluorescence emissions will be absent or weak
owing to the long lifetime and deactivation of the metastable states. In
this case detection of the ground state and metastable photo- fragments will
be accomplished through resonance scattering. In addition to our own ini-
tial efforts such techniques have been used in the laboratory, for example,
by Slanger and Black (1970) to detect ground state atomic oxygen and by
Melton and Klemperer (1972) for NO detection. In the following paragraphs
we discuss some of the specific processes to be investigated, considering 02
as an example, followed by a brief discussion of the experimental aspects.

DISSOCIATION OF MOLECULAR OXYGEN

The absorption spectrum of oxygen exhibits the well known

Schumann continuum in the 1400-18004 region. This absorption is thought

ot occur via excitation to the continuum of the B3

E; state followed by
- dissociation to produce 0(3P) + O(TD). Fluorescence of the 0(]D) atoms
produces the 63004 multiplet. This feature is a strong component in the
airglow spectrum and is attributed, in part, to photodissociative excita-

tion by the solar ultraviolet. In recent'years, however, concern has been
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expressed that other states which could produce two O(3P) atoms rather than
the 0(3P) + 0(]D) products may be involved in the Schumann continuum. If
such processes do occur, the quantum yield of 0(]D) could be significantly
different than previous assumptions would give. Laboratory information
concerning the relative yields of 0(3P) and OID) are necessary for com-
parison with airglow measurements and the importance of photodissociation
relative to other excitatioﬁ mechanisms.

. A someWhat similar situation is found for the OI A55774 line
arising from 0(15). Recent airglow measurements (for examp1e,'5chaeffer
et al., 1972) have suggested that a photodissociative excitation mechanism
is important for 0(15) in addition to D(lD). This mechanism was discussed
almost twenty years ago by Bates and Dalgarno (1954) who found that a lack

of basic laboratory data prevents any reliable estimate of the contribution

to the green airglow line due to photodissociation. This situation con-

tinues to be true, although the photodissociative excitation of 0(15) has
been verified in observing 55774 fluorescence produced by the ultra-
viofet flash. photolysis of 0, (Filseth and Welge, 1969}. Tanaka (1952) has
examined the absorption spectrum of'O2 and found minor peaks, one of which
at 12934 he suggests results in the formation of 0(15). At present, how-
ever, the cross section and stétes involved must bg considered unkpown.

At shorter wavelengths, oxygen still undergoes photodissociation.

The total photodissociation cross section below ~ 10004 has been obtained

. by Matsunaga and Watanabe (1967) and Cook et al. (1972). Certain of these

continua have been identified but a complete description of the underlying

processes has not yet been determined.
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At shorter wavelengths the process of dissociative ionization
can produce atoms {and atomic ions) in ground or excited states. Recent
measurements indicate a rather higp efficiency for this process not only
for oxygen but other molecules also. Detection of the resulting photo-
fragments and determination of the cross sections may be accomplished by
resonance scattering.

| EXPERIMENTAL ASPECTS

Measurements of the production of ground state and metastable
atoms can be obtained through resonance scattering with the following
basic experimental elements: a pulsed ultraviolet source to photo-
dissociate the molecules in the experimental chamber, a source of resonance
line photons, and a detector of the resonantly scattered radiation. Proper
interpretation of thé detected scattered radiation requires that several
precautions be taken. First, if one is detecting ground state atoms (for
example) one should insure that these atoms are created in the photo-
dissociation process and not through secondary reactions. Some of these
secondary processes of concern are the deactivation of metastable atoms
produced in photodissociation, ground state atoms resulting from the
radiative decay of excited photodissociation products, and atomic frag-
ments arising from dissociative recombination and photoelectron excitation.

In order to estimate the relative contributions of these pro-
cesses it is useful to envision a typical experiment. With sample gas
partial pressures of 10 - 100 u the absorption coefficient of the disso-

-1

ciating ultraviolet will be approximately 1072 0 107" cm The mean free

path at these total pressures is ~ 0.05 to 0.5 cm with collision times of ~
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1 - 10 u sec. Thus, the time to diffuse 1 cm is ~ 40 p sec at 10 ¢ total
pressure and 400 y sec at 100 u. If a buffer gas, for example a rare gas,
is‘added; the diffusion time will vary approximately as the pressure. A

1 torr buffer gas will then increase the diffusion time to a few msec.

The 1ight sources employed frequently in this laboratory are
condensed spark discharges operated at pulse rates of ~ 50 Hz, each pulse
tasting for times of a few u sec. Tybica] line fluxes measured at the exit
slit are‘~r2x108 photons/pulse, corresponding to an instantaneous rate of

ﬁ’]014

photons/sec. Thus, with 1 percent absorption per cm each pulse
produces -1012 absorptions cm'] sec'1. While several other sources might
be used for such work, data quality and subsequent interpretation are
significantly enhanced by using a pulsed source having high instantaneous
flux Tevels:

We can now estimate the order of magnitude contributions of the
secondary processes. For dissociative:recombination, each pulse will con-
tribute kn _n_t recombinations where k is the recombination coefficient,

n,, n_ are the ion and e]ectron densities and t is the diffusion time. The
electrons will, of course, diffuse much faster than the ions, but we use
here the ion diffusion time as a generous upper 1imit. In doing so, we
find the rate of dissociative recombination is of order 1 - 10 per pulse
and is much less than expected photodissociative processes. If one is
~working at wavelengths greater than fhe jonization potential, there will

be no dissociative recombination contribution.

The photoe]ectron excitation rate can be estimated by assuming

-17

a cross section of 107 cm , @ reasonably optimistic value considering
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the low photoeTéctron energies that will be encountered. The probability
of excitation is then approximately 3% of the primary absorption rate. If
the photodissociation cross section is only a small fraction of the total
absorption cross section, and if the electron dissociation cross section’
is as large as estimated, then this secondary process may be of concern.
Pressure depehdence measurements will be of value in experimentally evalu-
ating the effect. Of course, at the longer wavelengths, there will be an
absence of photoelectrons with sufficient energy for subsequent dissoci-
ative reactions and the effect can be neglected.

The production of ground state and metastable atbms from the
radiatiye decay of excited photodiséociation products will occur at the
radiative transition rate, typically a few n-sec, and will be proportional
to the photodissociative excitation rate. Since this time is much shorter
than-the primary 1ight source pulses, no experimental discrimination of
these products can be employed. Fortunately, these cross sections can be
mgasured by observation of the resulting fluorescence giving a means of
determining the cross section for the direct production of ground and
metastable state atoms.

Deactivating collisions will destroy the metastable atoms and
increase thé concentration of ground state atoms over that produced
directly in the photodissociation process. Consegquently, measurement of
either metastable or ground state atoms by resonance scattering must take
this process into account for proper interpretation of the results. The
time scale for this process can be estimated using measured deactivation

0“"1

coefficients. For the 0(]D) state deactivated by 0,, k = 5x1 cm3/sec
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and at 100 u partial pressure of 0,, t ~ 7 u sec. For 0(15) the rate is
approximately two orders of magnitude less, giving a mean life for 0(13)
atoms of ~ 1 msec. Working at 1owér 02 partial p}essures will increase the
lifetime against deactivation in proportion tif the buffer gas doesn't also
participate), at.the same time decreasing the primary rate of excitation.
These considerations suggest the experimental arrangement to be
employed in further experiments. A pulsed spark source and vacuum spec-
trometer will be used to provide the initial photodissociation. Synéhro-‘
nously with this primary excitation, a condensed discharge lamp will be
fired which wf?] provide the necessary resonance line, e.g. A 1302, 4, 6 4
radiation for detection of 0(°P), A 1152 X for 0('D), and A 1217 4 for
0(13). The sample time of the scattered resonance line should be a few u
sec for 0(1D), 03P) and can be greater for 0(15). The deactivation
coefficient and the relative contribution of these processes can be studied
by varying the time delay between the primary light flash and the resonance
scattering emission sampling time. In these experiments the resonance
emission 1light source should directly illuminate the absorption cell and
a solar blind photomultiplier directly view the resonantly scattered
radiation. Either filters or a high throughput monochromator can be used

to isplate the emission of interest.
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II. CROSS SECTIONS FOR THE PRODUCTION OF FLUORESCENCE

Cross sections for production of fluorescence from C0+(A2Hi,

B2rtax%ty, C02+(A2r{u,822: x°ng), - and N20+(A?z++x2

n) (see appendices A, B,
C) and from fragments of CHy and €O, (see appendices D and E) have been ob-
served in the wavelength region from 462-1250&. Using similar techniques
the fluorescence production cross sections for these gases and others of
interest in planetary atmospheres (02, N2’ NO, COS, HZO’ HZS ete.) will be
measured during the next funding period. Particular consideration will be
given to resolving an existing problem concerning the production of th§ 
i

€0, (A; B>X)  fluorescence, .. . Photoelectron spectroscopy results give,

2
at 5844, a production cross section for A/B = 0.65 while the fluorescence
data imply A/B = 2.7. At present there is no satisfactory theoretical ex-
planation for such a result. A possible source of the discrepancy is a
systematic error introduced by the experimental arrangement. It is ac=
cordingly desirable to repeat the photoelectron data at 5844 using a 41
geometry in order to be sure that all photoelectrons are properly analyzed.

In addition to the work cited in the appendices, the fluorescence
from the fragments of N, and NO by photodissociation of NZO have been ob-
served in this laboratory. However, an improvement of the present detection
system 1is required to enhance the signal to.noise ratio.

The relative fluorescence cross sections for the fragments of N,
0 and CO by photodissociation of NE’ 02 and CO2 have been observed using
synchrotﬁén radiation of 175-8004 (for example, see appendix F). . Abso-
Jute measurement of the fluorescence cross sections using a strong line
emission source in this laboratory will permit an absolute calibration of

these relative measurements. It is accordingly proposed that the absolute

cross section measurements be continued.
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III. MEASUREMENTS OF THE POPULATION DISTRIBUTION OF EXCITED VIBRATIONAL
LEVELS PRODBUCED BY PHOTODISSOCIATION

The population distribution of triplet vibrational levels of
CO produced by photodissociation of CO2 has been measured in the previous
funding period {see appendix G). The population is reasonably represented
by a Poisson dfstribution and an internal collision mechanism was suggested
to interpret the photodissociation process. For further study of this
mechanism the vibrational populations of the CO, N2’ NO and CS fragments
produced by the following photodissociation processes will be measured:

€O, + hv +CO (A'm) + 0

2
2 3
NZO + hv ~ N, (B ng, C nu) +0

N,0 + hv F NO (A%, B2n) + N

COS + hv -~ CO (Alm, triplet) + S

™o

C0S + hv > €S (Alm) + 0

Cs, + hv > CS (A'm) + 5

Although the production cross sections for some of these frag-
ments are small, fluorescence from the excited fragments is observable and
the vibrational populations should be measureable. As an example of the
applicaﬁion of such data it should be noted that the mechanism for the
production of the vibrational population of CO (A]H) as measured by the
Mariner & and 7 UV épectrometer* has ﬁot-yet been clarified. Photodissoci-
ation of CO2 by solar radiation at A<10004 is thought to be the dominant
mechanism. Measurement of the vibrational population produced by photo-
dissociation is indeed required to help clarify the observed processes.

*C. A. Barth, C. W. Hord, J. B. Pearce, K. K. Kelly, C. P. Anderson and
A. 1. Stewart, J. Geophys. Res. 76, 2213 (1971).
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IV. MEASUREMENT OF ELECTRONIC TRANSITION MOMENTS

The electronic transition dipole moments for the co* (Azni,
8% > x%%), n,t (8% - xzz;), and €0," (A%m, > X°n_) systems have been
measured in the previous funding period (see appendix A, H, I). For the
-diatomic systems the transition dipole moment was found constant but for
the C02+ system it fluctuated drastically. The transition dipole moment is
a principal factor in the determination of band strengths and its measurement
is important to the investigation of emission bands in planetary atmos-
pheres. Transition dipole moments for the CO (Aln + x1z), N2 (BBHg >
JA32u+), N, (C3IIu -+ B3Hg), and CS (A]H > X]z) systems will be measured
during the next funding period.

Franck-Condon factors for transitions in linear triatomic mole-
cules are quite limited. Measurements of the band strengths for these
transitions will hopefully stimulate reliable calculations of the Franck-

Condon factors of interest.
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V. STUDY OF THE PRESSURE DEPENDENCE OF THE FLUORESCENCE INTENSITY

The pressure dependence of the C02+ (Bzz: + ing) and 002+

(a2

L, > ing) fluorescence was measured during the previous funding period,
and the two systems were found to yield similar results. No collisional
"dumping" from 602+ (Bzzu+) to the C02+ (AZR) states was observed.

To éimplify the analysis of the pressure dependence data, a uni-
form gas pressure inside the gas cell is required. Accordingly, an aluminum
thin film was used to separate the gas cell from the main chamber of our
normal incidence monochromator McPherson 225. However, the resulting
reduction of the light incident on the gas cell to only 5% of the window-
less intensity resulted in an unacceptably low fluorescence intensity for
the individual bands. A revision of the present detection system tc a more
sensitive photon counting system is planned, and will be pursued during the
next funding period. Measurement of the pressure dependence of the fluores-

cence intensity for planetary gases may aid in a determination of the pres-

sure of such gases in planetary atmospheres.
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VI. IDENTIFICATION OF UNCLASSIFIED MOLECULAR BANDS

Identification of vibrational bands of the N20+ [A22+(0,0,0) +
in(n],nz,n3)] system has been a part of our work during the previous
funding period (see appendix J). The conventional methods (gaseous dis-
charges) for exciting the gas whose spectrum is to be analyzed invariably
yield numerous emission bands and atomic lines from the molecules and their
fragments. In the present work a monochromatic photon beam is used to pro-
duce photoionization excitation and accordingly a relatively simple spec-
trum results, permitting unambiguous analysis. A determination of the vi-
brational bandhead positions is not proposed as a primary effort; it is a

natural extension of our other work.
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